Abstract. Begonia ×semperflorens-cultorum Hort. 'Prelude Scarlet' seeds varied within irradiance treatments in the irradiance level and duration that they required to reach the light saturation value and germinate. At high photosynthetically active radiation (PAR), seeds required light for only part of the germination period to terminate photodormancy. Germination >90% was achieved after 4 and 1 day of 24 hours/day exposure to PAR at 15 and 150 µmol•m cultivar, with some seeds requiring only a few hours irradiance daily for germination and others needing many hours of continuous light. Carpenter et al. (1994) found that the light period duration required to achieve maximum germination of impatiens (Impatiens wallerana Hook. f.) seed varied with the irradiance level. Bewley and Black (1982) and Carpenter et al. (1994) noted that during the latter stages of germination, light delays lettuce (Lactuca sativa L.) and impatiens root emergence. Our research objectives were to make comparisons of begonia total germination and germination rates and of the uniformity of treatments having various irradiance levels, daily light periods, and light durations (days).
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Materials and Methods
Lighting and seed germination procedures. 'Prelude Scarlet' begonia seeds from Ball Seed Co. (West Chicago, Ill.) were received 6 weeks after harvest. Seeds in all treatments were dusted with 3α, 4, 7, 7α-tetrahydro-2-[(trichloromethyl)thio]-1H-isoindole-1,3 (2H)-dione (captan). Treatments contained four 100-seed replications, with replications germinated in individual 9-cm petri dishes on blue blotter paper 100 (Anchor Paper Co., Charlotte, N.C.) saturated with 6 ml of distilled water. Seeds receiving 1.5 or 15 µmol•m from a 25-W green lamp). Total germination percentages (G), number of days to 50% final germination (T 50 ), and number of days between 10% and 90% germination (T 90 -T 10 ) were calculated from the data as described by Furutani et al. (1985) . The data were tested statistically by analysis of variance (ANOVA) and regression (linear and quadratic) equations; the latter were used to determine if trends in the germination values had occurred with changes in light level and duration. The PAR intensity on germination interacted with the effect of lighting duration; therefore, separate equations were fitted at the three intensity levels to measure the effect of lighting duration in hours, days on germination, or both. Germination trends, across the light levels, were not easily discernible from the fitting of regression equations; thus, G, T 50 , and T 90 -T 10 comparisons of the mean values at three total PAR levels during 1, 2, or 4 days were made using Tukey's HSD procedure at P ≤ 0.05 to determine where differences in means were present.
Results

PAR level and germination.
Seed germination percentages increased as PAR increased from 1.5 to 150 µmol•m -2
•s -1 and light period durations were lengthened from 6 to 24 h (Table 1) •s -1 as determined by the F test described by Draper and Smith (1981 Seed dormancy of many bedding plant species is terminated only after exposing hydrated seed to light. Fibrous-rooted begonia seed requires light for germination and is sown and germinated on the surface of uniformly moist mediums at 28 or 29C (Ball, 1985) . Cathey (1976) reported continuous irradiance at 45 µmol•m -2 •s -1 from cool-white fluorescent light promoted the germination of fibrousrooted begonia seed. According to Nagao et al. (1959) , tuberous-rooted Begonia evansiana Andr. seed germinated when photoperiods were ≥12 h at 10.5 µmol•m -2
•s -1 photosynthetically active radiation (PAR) for three or more cycles. The photocontrol of seed dormancy is varied and complex. Short light periods promote germination of some plant species, but continuous irradiance is required for others. Bewley and Black (1982) reported that seeds requiring light vary in their responses to total irradiant energy. Khan (1977) Days of light exposure. Seed G generally increased when the same total irradiance level was provided during more days of exposure. The exception was at 12,960 mmol•m -2 where G was similar whether this total irradiance level was received during 1, 2, or 4 days ( Table  2) . Begonia seed receiving 1296 mmol•m -2 of irradiance during 1, 2, or 4 days had G values >50%, but G was between 20% and 60% at 129.6 mmol•m -2 (Table 2 ). The T 50 and T 90 -T 10 values were significantly (P ≤ 0.05) higher for seeds receiving 129.6 than 1296 or 12,960 mmol•m -2 . Seeds receiving 129.6, 1296, or 12,960 mmol•m -2 total irradiance during 1 or 2 days generally had significantly lower T 50 and T 90 -T 10 values than when each total irradiance was received over 4 days ( Table 2) .
Discussion
The light-controlled germination responses found in our research previously have been associated with the action of phytochrome. We found that the PAR level and days of light during germination modified the G, T 50 , and T 90 -T 10 responses of begonia seeds. Bewley and Black (1982) reported that the effect of light is directly proportional to the total amount of energy received up to the saturation value, irrespective of how the energy is delivered. They stated that when the total light energy from irradiation level × time are equal, the percentage of seeds breaking dormancy and the germination rates associated with the treatments should be similar. We found that the light saturation value of begonia seeds varied with the PAR level received and the exposure period (days). Additional irradiance above the PAR saturation value needed to satisfy seed dormancy had no effect on G, T 50 , or T 90 -T 10 values.
Bedding plant cultivars requiring light for germination have been bred for morphological uniformity, but the individual seeds in our lot of 'Prelude Scarlet' begonia varied greatly in the PAR requirement for germination. No seeds germinated in total darkness, but before being held in total darkness, 8%, 21%, 40%, irradiance. Seeds received darkness following light treatment. Test for differences between slopes was significant at P ≤ 0.05.
and 53% germinated after one 6-, 12-, 18-, or 24-h irradiance period, respectively, at 15
. Lighting for longer durations at this PAR level or at higher levels promoted progressively higher G. Evenari (1965) stated the variability in seed response to light during germination was caused by the changes in seed phytochrome that results from illumination received during seed dehydration and rehydration. Frankland (1976) reported that phytochrome conversions occur in the seed while the mother plant matures and dries in light. Therefore, the mature seed from one pod or plant contains a mixture of phytochrome P R , P FR , and various intermediates. Bewley and Black (1982) found the proportions of phytochrome in each form depends on the spectral quality of the light received, the presence of surrounding chlorophyll, the duration and irradiance of light, and the time needed for seed rehydration. Evenari (1965) reported that the form of phytochrome at maturity of 'Grand Rapids' lettuce (Lactuca sativa L.) seed was preserved at moisture levels <7% water for ≥1 year.
These studies help us to understand better the frequent reports of low and irregular begonia seed germination. Ball (1985) and Cathey (1976) recommend light during germination of begonia seed, but they gave no guidelines for the irradiation level or lighting duration. The PAR required to reach the light saturation value and achieve maximum total germination and rapid and uniform germination varied among seeds in the same lot. These differences probably result from the form of phytochrome in the seed before germination. Seed exposure to low PAR levels for short durations daily may be adequate to promote the germination of some seeds but inadequate for other seeds to achieve the light saturation level required for germination. Thus, at low PAR levels, G is variable. Seeds receiving low PAR (15 µmol•m -2
•s -1 ) daily during 4 days may achieve the light saturation level required for high total germination percentages, but germination will be delayed and more irregular. In our study, seeds receiving 1.5 µmol•m . Also, seeds that received 12,960 mmol•m -2 total PAR during 1 and 4 days had 90% G, but lower irradiance during the longer lighting period increased T 50 and T 90 -T 10 values. Rapid and uniform begonia seed germination are becoming more important in commercial production. Based on our results, we recommend that begonia seeds receive light at 150 µmol•m -2
•s -1 continuously for 1 or 2 days after moistening the germination substrate. Then, seed should be placed in darkness until cotyledon emergence. This darkness period will give high total germination and more rapid and uniform seedling emergence. 
